In this paper, we will discuss the mediator colouring of complete bipartite graphs, paths, cycles, wheel graphs and gear graphs and provide a bound for the mediator chromatic number for path and cycle and show that mediator chromatic number of wheel graphs and gear graphs are polynomially solvable.
Introduction
Different types of colourings are raised from the fundamental definition of proper k-vertex colouring or the k-edge colouring when a special condition is added. The special condition we are adding to define a new colouring will define the ' so called chromatic number. It may be the minimum number or the maximum number of colours to be used. Thus, in graph colouring two general types of colourings arise -namely minimal colouring and maximal colouring. This paper, from the strong background of achromatic colouring , discuss about a maximal colouring, The Mediator colouring, introduced by Roopesh.N and Thilakavathi.T [6] , [7] and Prove the mediator Chromatic number of some fundamental graphs are polynomially solvable.
Preliminaries
Definition 2.1. Let C i and C j be two colour classes, we say that their union, C i ∪C j is not independent, if there is at least one edge whose one end is in C i and the other in C j . Definition 2.2. Let a proper vertex colouring of V (G) be given, with colour classes C 1 ,C 2 , ...,C k . Then this partition of V (G) is called a mediator colouring partition [7] , [8] in case the following is true: For all i, j, i not equal to j, and 1 ≤ i, j ≤ k, either (1) C i ∪C j is not independent, or (2) there exists an l, different from i and j, so that C i ∪C l is not independent and C j ∪C l is not independent. Definition 2.3. Mediator colouring is a proper vertex colouring in which the colouring partition is a mediator colouring partition.
Definition 2.4. The maximum cardinality of a mediator colouring partition of a graph G is called the mediator chromatic number of the graph. And it is denoted by χ M (G).
Note: It can be noted that if the first condition of mediator colouring alone is satisfied for every i and j, then it is called the complete colouring or achromatic colouring and in this case χ M will become ψ.
Note: We denote the the colour classes of the vertices with colour c i as C i .Then two colour classes C i and C j are adjacent if there exist an edge with end points coloured as c i and c j .
Mediator colouring of K n and K m,n
Consider the complete graph K n . Since each vertex is adjacent to all the remaining vertices, a proper colouring of K n will ensure that the union of any two colour classes is not independent. Thus χ M (K n ) = n. 
Mediator colouring of path
A bound for the mediator chromatic number of a path of length n is given by the following theorem.
Theorem 4.1. For any path P n of length n,
Proof. Consider the vertex set of P n ,
Consider the set of colours C = c 1 , c 2 , c 3 , ..., c n− n 3 +1 . Assign the colour c 1 to v 1 , c 2 to v 2 and c 3 to v 3 . Let V = V − v 1 , v 3 . Now form a sequence v i such that v i ∈ V and the sequence i is a strictly increasing sequence.
Then we can rename the terms of the sequence v i as t i ,
Now assign the colours to the remaining vertices as follows. Case 1: When n is a multiple of 3, assign the colour c 2 to t 2( n 3 −1)+1 and c r+3 to the rest of t r . Case 2: When n is not a multiple of 3, assign the colour c r+3 to all the t r .
Colour all the v 3k+2 , k = 0, 1, 2, ..., l as c 2 in both cases. Then this colouring is clearly a mediator colouring. Hence χ M (P n ) ≥ n − 
Mediator colouring of cycle
The mediator chromatic number of a cycle can be obtained from a mediator colouring of a path as follows.
Proof. Since any cycle C n contains a path of length (n − 1)
Mediator colouring of Wheel graph and Gear graphs
Theorem 6.1. For any wheel graph W n with n vertices,
Proof. W n contains a spanning subgraph, K 1,n−1 . Now by the thm 3.1,
Proof. Consider the gear graph G n formed from the wheel graph W n .
.., v n where v n is the hub. v i, j , i = 1, 2, 3, ..., n − 2, j = 2, 3, 4, ..., n − 1 be the introduced vertices in the edges of the cycle of the wheel to make it a gear graph. Assign the colour c i to v i for i = 1, 2, 3, ..., n. Now this colouring is a mediator colouring since v i , the induced subgraph with vertices v 1 , v 2 , v 3 , ..., v n is a star graph. Case 1: n is odd Since n is odd, the outer cycle is of length n − 1, even. Now assign the colour c n+1 to v i, j , i is odd and c n+2 to v i, j , i is even. Then this colouring is a mediator colouring. For, consider any two colour classes C i and C j where i = 1, 2, 3, ...n and j = n + 1, n + 2 if i = 1, 2, 3, ...n − 1, c i is adjacent with c j . That is C i ∪ C j is not independent. Now suppose i = n, then we want to find a C l such that there exists at least two edges from C i ∪C j to C l . Now any C i , i = 1, 2, 3, ..., n − 1 will serve as this C l .
Further it is the maximum colouring. Suppose not, that is it is possible to include one more colour c n+3 . Consider the recolouring of one vertex previously coloured as c n+1 , that is v i, j , i is odd. Then for odd i, C i ∪C n+1 is independent and there exists no C l such that there exist at least two edges from C i ∪C j to C l , which is a contradiction to the fact that the the colouring is a mediator colouring. Similarly we will arrive the same contradiction if we proceed with the recolouring of some vertices of colour c n+2 . Thus χ M (G n ) = n + 2 if n is odd. Case 2: n is even Since n is even, the length of outer cycle is odd. Now consider the following assignment of colours to V i, j 's. For i = 1, 2, 3, ..., n − 3, assign the colour c n+1 to v i, j if i is odd, else colour it as c n+2 . Colour the vertices v n−2,n−1 and v 1,n−1 as c 2 and c n+2 respectively. Then this colouring is a mediator colouring. For consider, any two colour classes C i and C j where i = 1, 2, 3, ...n and j = n + 1,n + 2, if i = 1, 2, 3, ...n − 3, c i is adjacent with c j . That is C i ∪ C j is not independent. Now suppose i = n then we want to find a C l such that there exist at least two edges from C i ∪ C j to C l . Now any C i , i = 1, 2, 3, ..., n − 1 will serve as this C l . For i = n − 2, n − 1, c i is adjacent with c 2 , and c 2 is adjacent with both c n+1 and c n+2 . Thus C 2 will act as our C l .
Further it is the maximum mediator colouring. We can prove it in a similar way as in the odd case. Thus χ M (G n ) = n + 2 if n is even. Therefore χ M (G n ) = n + 2. Figure 4 . Mediator colouring of G 7 Figure 5 . Mediator colouring of G 8
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